ABSTRACT Two pen trials were conducted in Utah, altitude 1,630 m, with Large White female turkey poults to evaluate effects of dietary Na and chloride (Cl) concentrations on live performance and deaths caused by spontaneous cardiomyopathy (STC, "round heart") from 0 to 35 d of age. A randomized block 2 × 2 factorial arrangement with four replicate pens per treatment was used. Pen size was 3.8 × 5.6 m. In each trial, four starter diets were formulated from a common basal diet (corn-soymeat) to obtain the following sodium and chloride concentrations: High Na (0.24%):High Cl (0.40%); High Na (0.24%):Low Cl (0.16%); Low Na (0.14%):High Cl (0.40%);
INTRODUCTION
Spontaneous cardiomyopathy (STC) in turkeys is a disorder characterized by Sautter et al. (1968) as sudden death and an enlarged, rounded heart with or without accompanying ascites and hydropericardium. They reported that most mortality occurred during the end of the second week. Breeding et al. (1994) showed that slowing early growth rate of the poults by dietary protein restriction reduced mortality caused by STC but also caused reduced weight gain. Rapid growth in turkeys has been reported to increase oxygen requirement (Julian et al., 1992; Julian, 1993) . Julian et al. (1992) decreased the incidence of STC by slowing growth rate in a hypobaric chamber. Clark et al. (1995) found that reducing salt (NaCl) content of the starter diet decreased subsequent mortality attributable to STC in poults through 21 d of age. The altitude at which turkeys are raised plays a key role in the incidence of STC. Hatchmates raised at two To whom correspondence should be addressed: davidf@ext.usu.edu.
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and Low Na (0.14%):Low Cl (0.16%). Supplements were NaCl, NaHCO 3 , NH 4 Cl, or combinations. After laboratory analysis, true values of Na were slightly lower than expected, Cl was near expected values to slightly low, and K was 1.145%.
Body weight and feed conversion ratio at 35 d of age were unaffected in both trials. In both experiments, STC mortality was significantly reduced by the Low Na:High Cl treatment compared to the other treatments. In conclusion, a diet containing 0.10 to 0.12% Na and 0.38 to 0.40% Cl, significantly improved poult livability by reducing STC mortality without adverse effects on poult weight or feed conversion ratio. distinct elevations showed a significant difference in mortality caused by STC. Poults from this hatch brooded at 155-m elevation exhibited 0% STC-attributable mortality compared to 5% in the group brooded at 1,675-m elevation. In this same study, mean packed cell volume in the high altitude group was 45% compared to 39% in the low altitude group at 21 d of age (Frame, Clark, and McMillan, unpublished data, 1992) . It is hypothesized that increased packed cell volume causes increased blood viscosity, which in turn caused a greater cardiac workload, and this may be a contributing factor to subsequent heart failure associated with STC. The mortality associated with STC may represent a significant economic factor in turkeys grown at moderate to high altitude. In Utah, cumulative flock mortality attributable to STC generally varies from 0 to 3% but has been known to be significantly greater (Frame, 1991) . Most STC-associated mortality in these flocks occurs between 11 and 21 d of age. Hens often have a higher mortality rate than toms. The ability to reduce mortality, yet at the same time not significantly compromise growth rate, would diminish the detrimental economic effect of STC. The purpose of this study was to observe the effects of Na and Cl concentrations in the 
MATERIALS AND METHODS

Turkeys and Facilities
The experimentation consisted of two similar pen trials, each composed of four treatments with four replicate pens per treatment of 250 Large White hen poults per pen in Experiment 1 and 288 poults per pen in Experiment 2. The poults in both trials were randomly assigned to pens according to total quantity of poults available. Pen size was 3.8 × 5.6 m. Poults were raised to 35 d of age. By then, all STC-associated mortality had ceased.
Dietary Treatments
Four starter diets, each varying in Na or Cl content, were prepared. The basal corn-soy-meat diet was the same for all treatments. The Na and Cl contents of diets were adjusted according to treatment (Table 1 ). The Na content was adjusted with feed-grade NaHCO 3 ; Cl content was adjusted by using NH 4 Cl ( Table 1 ). The diet High Na:High Cl was formulated for a target Na content of 0.24% and Cl content of 0.40%. The diet High Na:Low Cl was formulated for 0.24% Na and 0.16% Cl. The diet Low Na:High Cl was formulated for 0.14% Na and 0.40% Cl. The diet Low Na:Low Cl contained 0.14% Na and 0.16% Cl. Previously reported results (Kumpost and Sullivan, 1964; Kubicek and Sullivan, 1973; Harms, 1982; National Research Council, 1994) were helpful guides in establishing minimum and maximum Na and Cl for this test.
Data Acquisition
Total pen weights were taken at the termination of the experiment (i.e., 35 d of age). Necropsy was performed on all deaths occurring throughout the study and lesions were classified according to gross pathological findings. Mortality attributable to STC was identified according to gross postmortem findings of ascites, an enlarged or misshapen heart, and a visibly dilated right ventricle. Feed consumption was determined for each replicate pen, to evaluate the feed-to-gain ratio.
Data Analysis
The experimental design is a 2 × 2 factorial in four complete blocks, with the complete experiment performed twice. Total mortality and STC-attributable mortality were evaluated by pen. One approach to analyzing such data would be to transform the mortality proportions by using the arcsin-square-root transformation and then by using traditional ANOVA techniques. However, although the arcsin-square-root transformation is the variance-stabilizing transformation for the binomial distribution, it does not increase the "normality" of the distribution of the data. For small mortality counts, such as are observed in the data analyzed for this study, normality is an issue. A better approach (Oehlert, 2000) is to use general linear models (GLM). Although GLM may not be so commonly used by researchers in poultry science, they are widely used in biomedical science to model human mortality. In our experience, they are more powerful than traditional ANOVA methods following a variance-stabilizing transformation. The most commonly applied GLM is the logistic regression model, which was used to analyze the total mortality and STC-attributable mortality that are the subject of this study. Two references on logistic regression are Hosmer and Lemeshow (1989) and Kleinbaum et al. (1988) . The classic study concerning GLM is that by McCullagh and Nelder (1989) .
All mortality data were analyzed by using PROC GEN-MOD in version 8.01 of the SAS software (SAS Institute, 2001) . The syntax and interpretation of output from PROC GENMOD is almost identical to that of the ANOVA procedures (MIXED, GLM, and ANOVA). Hypothesis tests are all evaluated by using the likelihood ratio method resulting in χ 2 test statistics (compared to F-tests for traditional ANOVA tests). For total mortality and STC-attributable mortality, EXPERIMENT, BLOCK, SODIUM, and CHLORIDE factors were fit as a factorial structure. Post hoc pairwise comparisons of treatment groups were also performed in PROC GENMOD.
Feed samples were analyzed at the Center of Excellence in Poultry Science, Central Analytical Laboratory, University of Arkansas, Fayetteville. Two independently pooled samples of each diet were submitted. All minerals were analyzed by using the inductively coupled plasma method. For all minerals except Cl, the feed samples were prepared by concentrated nitric acid liquid digestion followed by dilution to final volume with deionized water (Anderson, 1999) . For Cl, the samples were prepared by performing two hot water extractions of each sample.
RESULTS AND DISCUSSION
Calculated and analyzed Na, K, and Cl values for the four experimental diets are listed in Table 2 . Analyzed Na values tended to be lower than expected, whereas Cl values were near calculated values. Analyzed K levels were approximately the same in each experiment and averaged 1.145%. Hurwitz et al. (1973) concluded from research with broiler chicks in battery brooders that a Na percentage:Cl percentage weight ratio of 1:1 or unity was optimal. The analyzed Na and Cl percentage values have been expressed in the same ratio as reported by Hurwitz Average K level of 1.145% for the two studies was based on assay results obtained from duplicate sampling of each feed. Calculation of mEq/100 g, based on the formula Na + K − Cl, using overall analyzed K percentage and individual analyzed Na and Cl percentage levels for each feed.
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Mean of two independently pooled samples of each feed. et al. (1973) for comparison. The dietary electrolyte balance for each feed has been presented as analyzed Na + K − Cl, mEq/100 g, calculated as (Na% × 434.98) + (K% × 255.74) − (Cl% × 282.06).
Dietary treatment effects of 35-d body weight, feed conversion ratio, total mortality, and STC-attributable mortality are summarized in Table 3 . No significant differences in 35-d body weight or feed conversion ratio were found.
For the STC-attributable mortality data, no second-or higher-order interactions were statistically significant at level α = 0.05. Among the main effects, experiment was significant (χ 2 = 7.48, df = 1, P = 0.0062). The overall STCattributable mortality was substantially higher in the first experiment than in the second. No interactions involving experiment were statistically significant, which justifies the pooling of the data from the two experiments. Block was not significant (χ 2 = 1.53, df = 3, P = 0.6753). Main effects for total mortality and STC-attributable mortality are shown in Table 4 . Sodium and Cl were statistically significant factors (χ 2 = 16.03, df = 1, P < 0.0001; and χ 2 = 5.06, df = 1, P = 0.0244, respectively); however, but the interaction between Na and Cl was not significant (χ 2 = 2.45, df = 1, P = 0.1174). Post hoc pairwise comparisons showed that the high level of Na in the diet increased the odds of STC-attributable mortality by a factor of 7.30 whereas Low Cl increased the odds of STC-attributable mortality by a factor of 1.56. Also from the post hoc pairwise comparison of treatments, the combination of a low Na and high Cl diet was significantly better than the three other combinations of Na and Cl (see Table 3 ). This conclusion follows from the significance of the Na and Cl main effects in the analysis and is not in conflict with the nonsignificance of the Na × Cl interaction in the same model.
The effects of the dietary treatments were less pronounced in the total mortality data. Neither the Na nor the Cl main effects were significant, nor was the interaction between the two dietary factors. The Low Na:High Cl treatment in Experiment 2 had a nonsignificantly greater total 35-d mortality than the Low Na:Low Cl and High Means within columns of each experiment with no common superscript differ (P < 0.01).
c,d
Means within columns with no common superscript differ (P < 0.05).
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Results are reported as the mean ± SEM.
Na:Low Cl treatments because of increased starving and litter-eating losses during the first week posthatch. However, this early mortality occurred in only two of the four pens. Sodium came closest to statistical significance (χ 2 = 3.50, df = 1, P = 0.0613). An examination of the Na effect revealed that a high Na diet increased the odds of mortality by a factor of 1.22. This is not of the same scale as the effect of high Na on STC-attributable mortality but is in the same direction. The significant (P < 0.05) differences in incidences of STC between treatments in this trial conducted at moderately high altitude in a confinement brooding facility were related to the levels of dietary Na and Cl, indicating that these strong ions along with relatively high dietary K (1.145%) likely affected acid-base physiology and, in turn, cardiac function and morphology. The dietary electrolyte balances, determined from laboratory analysis of monovalent minerals and expressed as Na + K − Cl mEq/100 g, were lower for the Low Na:High Cl treatment, 22.9 in each experiment, which gave the lowest incidences of STC, than for other treatments in the two experiments (ranging from 25.8 to 33.7 in Experiment 1 and from 25.4 to 32.7 in Experiment 2). Wideman (2000) reported that the pathogenesis of ascites or pulmonary hypertension syndrome in broiler chickens (of similar etiology to STC or "roundheart" in turkeys) can be influenced by diet, disease, environment, a genetic component, and management. Susceptible birds have an inherent potential to outgrow their cardiopulmonary vascular capacity, primarily because of limitations of the pulmonary circulation, including the right ventricle of the heart and blood vessels of the lungs. The right ventricle enlarges due to "work hypertrophy." The onset of hypoxemia triggers an adaptive increase in the hematocrit, thereby increasing the apparent blood viscosity. Chronic hypoxemia weakens the cardiac muscle and may accelerate the onset of congestive heart failure.
Although body weights, feed conversion ratios, and total mortality were not significantly affected by dietary treatments in these experiments, Dewar (1984) in Scotland reported that in turkey poults "a depression occurs in 3-wk live weight at Na + K + −Cl concentrations of 250 mEq/kg [25.0 mEq/100 g] or more." It is noteworthy that this dietary electrolyte balance for young turkeys is the recommended maximum; whereas, for broiler chickens, this same level has been reported as the optimal dietary electrolyte balance by Mongin and Sauveur (1977) . The most effective dietary electrolyte balances, with regard to STC incidence in the present studies, averaged 229 mEq/kg (22.9 mEq/100 g), confirming the observation of Dewar (1984) but for a different parameter. Differences in the strain of turkey, altitude, diets, or other factors may have accounted for different effects of dietary electrolyte balance on weight of young turkeys in trials in Scotland, UK, and Utah. Turkeys apparently need less dietary Na than broiler chickens, as evidenced by the discrepancy in the starting levels in commercial practice (∼0.14 to 0.17% Na for poults and ∼0.20 to 0.30% Na for broiler chicks). This conclusion corroborates that of Pang et al. (1979) , who reported "relative renal insufficiency" in turkey poults, at 5 to 10 d of age, based on a study that used saline drinking water.
It is hypothesized that because of the relatively high (27 to 29%) crude protein levels and resulting high K concentrations, both mainly from soybean meal, in practical-type turkey prestarter and starter feeds, there may also be a need for a higher Cl content than previously thought, to counteract the alkalinity indirectly cause by excessive K. It is reasoned that the higher levels of Cl added to high K (1.145% K from soybean meal) basal diets decreased the incidence of STC ("roundheart") by providing the requisite urinary excretion anion (Cl − ) to remove excessive K from the body. The high K level, contributing 293 mEq/kg of the cation, was primarily responsible for the high dietary electrolyte balances in these experiments, and this could be counteracted with addition of extra Cl.
Wideman (2001, University of Arkansas, O-402 Poultry Science Center, Fayetteville, AR 72701, personal communication) stated that, as in the case of Na, K excretion through the kidneys in poultry requires the Cl ion, and this combination of K and Cl necessitates the flow of water through the kidneys to accommodate the process. As explained in detail in the Handbook of Physiology section of Renal Physiology (Stanton and Giebisch, 1992) , in the kidney nephron segments where aldosterone stimulates active K secretion into the tubular fluid (urine) in response to excess K (that is, the distal convoluted tubule, connecting tubule, and cortical collecting ducts), K crosses the apical membrane of the tubule cell into the tubular fluid via a K/Cl cotransporter (Cl − must exit along with K + to maintain chemical electroneutrality). Chloride-dependent K excretion in early and late renal distal tubules was also reported by Velazquez et al. (1987) so the evidence regarding this process in quite clear and well established.
Addition of an equimolar mixture of NaCl and KCl in excess of requirements, but not to toxic levels, typically does not cause the growth and feed-intake depressions observed with Cl sources such as calcium chloride, hydrochloric acid, or glutamic acid hydrochloride, which make the birds acidotic (Nesheim et al., 1964; Mongin, 1981; Austic and Patience, 1988) . Because K and Cl are so closely related chemically, to some extent, K protects against excessive Cl, and Cl protects against excessive K. Although little attention has been given, heretofore, to this relationship in commercial turkey feed formulation, evidence from the present experiments appears to substantiate its validity.
In conclusion, although the results of the Na × Cl main effects were nonsignificant, a combination of a low Na and high Cl diet significantly reduced the incidence of mortality caused by STC in these studies.
